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The ability to create a spatially incoherent and
temporally coherent source is a major military concern when
considering atmospheric turbulence effects on laser beam
propagation. Young's double slit experiment is used to
measure the degree of spatial coherence of the source when
various diffusive materials are placed between the laser and
double slit. A photo-multiplier tube is used for detection
of an argon-ion laser signal. Experimental results show
that the spatial coherence of the source is affected
significantly by the location of the diffusive material and
the size of the laser beam. For this particular
experimental geometry, opal glass placed 17 cm from the
double slit degrades the spatial coherence of the source by
99.5%. By expanding the beam diameter 2 1/2 times the
original size, the spatial coherence of a diffused beam is
decreased by an average of 95% over a 10 cm region. in
addition to experimental observations, the applicable
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The purpose of this experimental research is to
determine if it is possible to destroy the high degree of
spatial coherence of a laser source and yet maintain the
temporal coherence of the field. The concept of partial
coherence has become important in almost every branch of
physics. At the Naval Postgraduate School, the motivation
for creating an incoherent source is in connection with
atmospheric effects on laser propagation.
For simplicity, coherence theory is usually discussed in
terms of complete coherence or complete incoherence.
However, each of these limiting extremes describe artificial
concepts which are only mathematical idealizations. This
thesis deals with partial coherence, the intermediate state
between complete coherence and complete incoherence.
Because the theory of partial coherence involves
statistical aspects of electromagnetic theory, functions
used in the study of partial coherence deal with average
values of parameters describing the electromagnetic field.
The correlation functions that are applicable to spatial




The classical method of Young's double slit experiment
was used to measure the spatial coherence of the source.
Several diffusive materials were placed between the laser
and the double slits in an attempt to degrade the spatial
coherence of the laser. The experimental observations and
results are discussed.
11
I I . THEORETICAL CONSIDERATIONS
A. SPATIAL COHERENCE
The concept of spatial coherence can be most clearly
understood by considering two points of an electromagnetic
(e.m.) wave. If two points, P(r, ,t) and P(r 2 ,t) , lie on the
same wavefront of a given e.m. wave, then the difference
between the phases of the electric fields at the two points
is zero at time t = . If the phase difference remains zero
for t > 0, then the two points are perfectly coherent. If
this occurs for any two points on the wavefront then the
wave has perfect spatial coherence.
B. TEMPORAL COHERENCE
Temporal coherence of an e.m. field exists if the phase
difference between two points in the field, P(r,,t,) and
P(r,
r ty) , remains constant for different times, t-, and t 2 -
If this happens for any time interval, then the wave has
perfect temporal coherence.
C. COHERENCE TIME AND COHERENCE LENGTH
Another interpretation of temporal coherence involves
the coherence time, At, which is the reciprocal of the
frequency bandwidth. If the light source is perfectly
monochromatic, the bandwidth is zero and the coherence time
12
is infinite. This is an idealization that cannot occur in
practice. However, a wave behaves as if it is
monochromatic, or quasi-monochromatic, if the relevant time
interval for a particular situation is much shorter than the
coherence time. The coherence time can be thought of as the
time interval over which the phase of the wave can be
predicted. If the coherence time is large, the wave has a
high degree of temporal coherence.
The longitudinal spatial coherence can be interpreted in
terms of the coherence length, c^t. If the coherence length
is much larger than the distance between two points lying on
a radius from a quasi-monochromatic light source, then a
single wave train can extend over the entire separation.
The disturbances at each point are highly correlated.
However, if the separation between the two points is much
larger than the coherence length, then many wave trains with
different phases will lie between these points. In this
case, the disturbances at the two points are totally
independent of each other and they are considered to be
longitudinally incoherent.
The amount of lateral spatial coherence can be
determined by measuring the superposition of the e.m. fields
of two laterally spaced points in the distant radiation
field. If a quasi-monochromatic source illuminates two
apertures on an opaque surface, the apertures serve as a
13
source of secondary Huygen wavelets which will generate an
interference pattern in the Fraunhofer region. The spatial
coherence is proportional to the modulation of this
interference pattern.
D. COMPLEX ANALYTIC SIGNAL
Svelto [Ref. 1] introduces the Complex Analytic Signal
by starting with a complex representation of a polychromatic
light field. This approach treats the e.m. wave as a scalar
field with linear polarization. Using a Fourier expansion
the real field variable is
V"(r,t) = 2u / V(r,w) exp(-iwt)dw (1)
The inverse relationship for equation (1) is,
V(r, w ) = /: V (r,t) exp(iwt)dt . (2)
Since V is real, V(r,-w) = V (r,w) / which suggests that
only the positive frequency spectrum is required since the
negative frequencies do not add additional information.
Therefore, the complex analytic signal is defined by,
'The asterisk symbol represents complex conjugate.
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V(r,t) = V ( r ,w) exp (- iwt) dw (3
The intensity of the beam in terms of the analytic signal
is
I (r,t) - <V(r,t) V (r,t)> , (4
where the brackets indicate a time average over a time
interval that is long compared to the coherence time.
E. MUTUAL COHERENCE FUNCTION
The function used for the analysis of the most basic
coherence effects in optics is the "mutual coherence
function." Wolf [Ref. 2] defines the mutual coherence
function as
,
r 12 (t) = <V 1 (t+x) v 2 (t) > ,
where V, ( t) and M ( t) are the complex field disturbances at
two different points and x is a time delay. Other notations
include r 12 ( T ) = TU-^r^x) and V 1 (t+t) = vU-^t+x) to




F. COMPLEX DEGREE OF COHERENCE
The normalized form of the mutual coherance function i













where from eqn . 4 and eqn . 5,
ij = r.j (0) - <Vj (t)Vj (t)> , (j=i,2) 7)
From eqn. 7 and the Cauchy-Schwar tz inequality the values of
the modulus of Yinlx) lie between and 1. The disturbances
at r, and r„ are considered to be coherent if Iy-io(t) | = 1,
and they are incoherent if
|
y -. „ ( x ) | = 0. When < | y,- (t) |
< 1, partial coherence exists. A summary of the values for
Iy i:? (t) I, which is known as the "degree of coherence", is
listed in Table 1.
In addition, a first-order correlation function between
two different points, r , and r
?
at the same instant of time








The corresponding normalized function y, JO) is defined as,
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TABLE I
SUMMARY OF DEGREE OF COHERENCE
I
Y -i 2 ( T ) I
= Incoherent Limit
< Iyi?^)! < ^ Partial Coherence
j T -i o ( x ) I




[r (0)r (0)] 1/2
(9)
where r,, (0) = r(r ,r,,0). The quantity y, ? (0) is called
the "complex degree of spatial coherence." For partially
coherent light, Yio(O) decreases from the value 1 (where
r 9
= r-,) to zero as |r~ - r,
|
increases. One of the primary
goals of this thesis is to measure the degree of spatial
coherence,
| y , „ ( ) |, under various experimental conditions.
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Ill . MEASUREMENT OF SPATIAL COHERENCE
A. YOUNG'S INTERFEROMETER
One method used to measure the degree of spatial
coherence, | y,^ (0) |, between two points of a light wave is
through the use of Young's double slit interferometer. In
addition to demonstrating the measurab i 1 i ty of |y 1? (0)| this
experiment illustrates its significance. Figure 1 shows a
simplified experimental set-up consisting of a quasi-
monochromatic source illuminating two parallel, narrow,
closely spaced slits S, and S 2 • When symmetry exists, the
segments of the primary wavefront arriving at the two slits
will be exactly in phase, and the slits will constitute two
coherent secondary line sources. If the optical path
2difference is less than the coherence length, the waves
emitted from the slits will interfere and form a fringe
pattern in the plane of observation. The interference at
point P and at time t will result from the waves emitted
L
lfrom the slits from points S, and S~. at times t - — and£ 1 2 c
2
t - —
. The interference fringes become more distinct as
c 3





The analytic signals are V[S, , t - — ] and V[S„, t - — ]
.
OPD = S„B = n(L
2
- L, ) where n is the index of







































If point Q is chosen in the observation plane of Fig. 1
such that L-, = L ?f the visibility of the fringes around Q
will give a measure of the degree of spatial coherence
between points S -. and S
2
for a zero time delay. The Fringe
Visibility, as formulated by Michelson [Ref. 3], descrioes
the quality of the fringes produced by the interferometer.
3 ...
The Fringe Visibility at point Q is defined as,
F.V.
max min
I + I .
max mm
(10)
where Im „„ and I . are the maximum intensity of a brightmax min d 3
fringe and the minimum intensity of an adjacent dark fringe,
respectively, in the region of Q. if the two slits produce
the same illumination at point Q and if the wave has perfect
spatial coherence, then I =0 and F.V. = 1. For the casemm
in which the analytic signals at S-, and S^ are completely
incoherent, I
max
= I , F.V. = 0, and the fringes
disappear. For partially coherent illumination the
visibility of the fringes decreases as the point of
observation is moved away from the central maximum of the
pattern. if the path difference, l> - L, # is increased
beyond a certain limit, the visibility diminishes
'The notation for visibility is often denoted by script V
21
completely. These observations make it clear that it is not
adequate to state simply that coherent light interferes and
incoherent light does not interfere.
C. RELATIONSHIP BETWEEN F.V. AND 1 Y
^ 2 (
t ) [
The visibility of the fringes, F.V./ and the degree of
spatial coherence, |y (t) |, are related mathematically.
If both slits produce different illumination at point P,

















F.V. Y 12 (x (12
Therefore, by measuring the amount of interference as
determined by the fringe visibility at a point such that
L, = L~, the degree of spatial coherence, |y-i?(0) |, between
two points, S-, and S~, can be obtained. A proof of eqn . 12
is contained in Appendix A.
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D. THE VAN CITTERT-ZERNIKE THEOREM
In 1936 van Cittert showed that the optical disturbance
is normally distributed in a plane that is illuminated by an
incoherent, nearly monochromatic source. One of the
theorems in his paper [Ref. 4] shows the relationship
between the correlation in the illuminated plane with the
intensity distribution across the source plane. Van Cittert
calculated exact partition functions which show the
correlation between amplitudes in different points without
introducing a degree of coherence. This method becomes
difficult when dealing with general optics problems.
F. Zernike [Ref. 5] resolved this difficulty by starting
with a fundamentally different definition of incoherence.
He stated that "Two vibrations of light shall be called
incoherent if their superposition gives no visible
interferences." Zernike used Young's experiment to show
that the interference fringes gradually disappear as the
separation between the pinholes becomes greater. The
fringes disappear completely with a broad source. For
intermediate sizes of the source the fringes do not
disappear, but they are less visible than with a point
source. In this same paper Zernike stated that "the degree
of coherence of two light vibrations shall be equal to the
visibility of the interference fringes that may be obtained
from them under the best circumstances." The "best
23
circumstances" suggests that the pinholes are equally
illuminated and only small path differences are introduced.
The usefulness of Zernike's concept is that the degree of
coherence can be calculated directly from the illumination
data .
The mathematical formulation of these concepts, known as
the van Ci tter t-Zerni ke Theorem, can be easily summarized.
Zernike [Ref. 6] introduced the "mutual intensity", J , and
defined it as,








where k is the wave number and R, and R„ denote the
distances between a point, S, on the source, a, and two
points in the observation plane. The "complex coherence
factor"
























J 22 / R 2
are the intensities at P, and P
2
»
If the time delay is small, such that t << l/Av, then
the mutual intensity and the spatial mutual coherence








t ) v 2
(t)> *
Similarly, the complex coherence factor becomes,
P 12








Therefore, the correlation between the vibrations at any two
points p, and P ? in the field can be described by the mutual
intensity, J.,, and the complex coherence factor, p, „--
quantities which depend on the positions of the two points




Figure 2 is a schematic diagram of the apparatus used to
measure and record the intensity distribution of the far
field interference pattern of Young's double slit
experiment. An HP 425A micro-ammeter (Figure 3) was set at
3 nanoamps for all readings and the photomul t ipl ier voltage
was adjusted between 0-500 volts on the HP 6515A DC power
supply to scale the intensity properly on the X-Y Recorder
(Figure 4) . An RCA 1P21 photo-multiplier tube was mounted
on a micrometer slide (Figure 5) which, when rotated by
hand, moved the photo-multiplier across the observation
plane. A 5 cm scan of the photomul t ipl ier on the micrometer
slide corresponded to 21.9 cm on the abscissa of the X-Y
recorder. A narrow slit (.24 mm wide) aperture was used on
the photo-multiplier to get an average value of the light
field. A blue filter (.488 urn) was mounted over the slit on
the photomul t ipl ier tube to remove noise from extraneous
light sources
.
A Spectra-Physics Argon-Ion laser, model 262, (TEM ,
X = .488 um) was used as the light source (Figure 6) to
optimize the detection of the interference pattern. The



























































































quantum efficiency, 7%, for blue light and is therefore
better suited for the argon-ion laser. Initially, a helium-
neon laser was used. When the beam of the He-Ne laser
(X = .633 ym) was attenuated by a diffusive medium, the
noise became significant due to the low quantum efficiency,
.4%, of the S-4 tube for red light. Figure 7 shows the
quantum efficiency as a function of wavelength. Figure 8
shows the intensity measurement for a 4% milk/water solution
placed between the He-Ne laser and double slit. Clearly,
the noise masks the interference pattern when using the
He-Ne laser with the RCA 1P21 photomul t ipl ier .
B. EXPERIMENT #1
Young's double slit experiment was used to measure the
degree of spatial coherence of the light field with a
diffusive medium inserted between the laser and the double
slits. Ground glass, a combination of ground glass and opal
glass, and opal glass were used (Figure 9) . Figure 10 shows
a diagram of this experimental set-up.
Inserting the diffusive medium into the laser beam
caused a high degree of scattered Light. In order to
prevent the scattered light from reaching the detector it
was necessary to make an enclosure for the double slits and
diffusive medium. This was done by using two boards drilled
with apertures and attaching a black cloth cover to the
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A far field lens was not included in the initial
experimental set-up. The maximum spacing between the double
slits and the photo-multiplier was 3.7 meters due to the
limited size of the working area. An arbitrary boundary for







where w is the beam waist. For the argon ion laser with a
o 3
.5 mm beam waist, the Rayleigh range is 6.4 meters.
Therefore, a spacing of 3.7 meters does not satisfy the far
field condition. Using mirrors to extend the separation
between the slits and the photo-multiplier created alignment
problems and introduced astigmatism. However, placing a
convex lens with a 98.6 cm focal length after the double
slit resolved the far field problem. In addition to
ensuring Fraunhofer diffraction, the lens made it possible
to plot the principal maximum as well as two subsidiary
maxima of the diffraction pattern.
Placing the diffusive medium at different positions
between the laser and the double slits altered the fringe
visibility. Therefore, the coherence of the light
vibrations from the slits changed since F.V. - = |y1? (t) | from
eqn. 12.
37
The interference patterns were plotted on the X-Y
recorder by slowly rotating the handle on the micrometer
slide, thereby moving the photomul t ipl ier across the
observation plane. Several scans were necessary to adjust
the photomul tipl ier voltage and to correct the alignment of
the double slit and diffusive material. The overhead lights
were turned- off for each measurement. The zero baseline was
obtained by covering the aperture on the cloth enclosure and
making a measurement with the laser on, removing the effects
of extraneous light from the experiment. Figures 11 through
18 show some examples of the interference patterns made for
each diffusive medium placed at different intervals from the
double slits. Tables 2 through 4 give a tabulation of the
fringe visibility results for ground glass, opal/ground
glass, and opal glass, respectively. The fringe visibility
was calculated using eqn. 11. Figures 19 through 21 display
4plots of the coherence versus distance to the double slits
for ground glass, opal/ground glass, and opal glass. In
each case there is a minimum in the curve. For opal glass
this minimum occurs at 17 cm from the double slits and will
be referred to as the "position of incoherence."
A modification of experiment #1 involves placing a
collimating lens between the opal glass and the double slit.
The curves connecting the data points were computer
generated using an (N-l)-order polynomial fit, where N is



































































































































































































































































































































































































































































FRINGE VISIBILITY RESULTS FOR OPAL GLASS
Distance (cm)
max min Fringe Visibility
10 111 36.5
* 15 110 70.5
* 17 111 110
18 97 83
20 107 86.5














































































Figure 22 shows the interference pattern for the lens and
opal glass placed at 30 cm and 35 cm, respectively, from the
double slit. The pattern shows a significant amount of
coherence degradation, however, the factors contributing to




The geometrical significance of the spacing between the
double slits and the diffusive material was investigated by
replacing the diffusive material with a single slit. Figure
23 shows the interference pattern with the single slit 30 cm
from the double slits. Table 5 shows the fringe visibility
results and Figure 24 is a graph of coherence vs. single
slit distance from the double slits. From this graph it is
evident that the coherence remains high for all slit
positions although the coherence increases slightly with
increasing distance from the double slits.
A modification of this experiment involves replacing the
single slit with a pinhole made by tapping a small hole in a
piece of sheet metal. Figures 25 and 26 are samples of the
interference patterns made with the pinhole placed at
various distances from the double slits. Table 6 lists the
fringe visibility results and Figure 27 shows a graph of
coherence vs. pinhole distance from the double slits. The












































































































































FRINGE VISIBILITY RESULTS FOR SINGLE SLIT
REPLACING DIFFUSIVE MATERIAL











































































































F r l ng e Vis
10 .522
17 111 30.5 .569
19 114 31 .572












































dip at 18 cm that is similar to the opal data results in
Figure 21.
D. EXPERIMENT #3
The spot size of the laser beam on the diffusive
material is another geometrical factor that might influence
the location of the "position of incoherence" of the
diffusive medium. The significance of the beam size was
investigated by using two different positive lens
configurations to increase the beam diameter from 1.5 mm to
2.9 mm and from 1.5 mm to 3.6 mm. This was accomplished by
placing a beam expander between the laser and opal glass.
A measurement of the beam diameter was made by placing
the photomul
t
iplier tube at the double slit position and
removing the double slits. Figures 28 and 29 show the
Gaussian profiles for the 1.5 mm beam and the 2.9 mm beam,
-2
respectively. The horizontal line indicates the e
intensity position used to measure the beam diameter.
Figures 30 through 33 show some samples of the
interference patterns for opal in the expanded beams at
various positions from the double slits. Table 7 lists the
fringe visibility results and Figure 34 shows a graph of the
coherence of opal in a 2.9 mm beam as a function of distance
to the double slits. Table 8 lists the fringe visibility
calculations and Figure 35 shows a graph of the coherence •































































































































































































































FRINGE VISIBILITY RESULTS FOR OPAL




























































































FRINGE VISIBILITY RESULTS FOR OPAL
GLASS IN A 3.6 MM BEAM
Distance (cm) max "m in Fringe Visibility
15 107 90 .086
17.5 112 99 .062
18 112.5 102.5 .047
19 103.5 92.5 .056
20 112 99.5 .059
21 84 76.5 .047
25 108.5 98.5 .048
30 107.5 101.5 .029
35 109 91 .090
* 40 109 105 .019
45 111.5 98 .064
50 99 87 .065












































Figures 34 and 35 show that the "position of
incoherence" is no longer restricted to a single point when
the beam diameter is increased. For a 2.9 mm beam the
region of maximum coherence degradation appears to lie
between 25 and 35 cm from the double slit. For a beam
expanded to 3.6 mm, the average coherence degradation was
94% over a "region of incoherence" extending between 15 and
30 cm from the double slit.
E. ERROR ANALYSIS
1 . Al ignment
The experiment was very sensitive to alignment. A
slight angular displacement between the double slits and the
laser beam introduces a phase difference. A symmetrical
interference pattern occurs only when segments of the
primary wavefront arriving at the two slits are exactly in
phase. The amount of angular displacement was reduced by
utilizing the method of retro- reflect ion to obtain symmetry.
That is, the reflected beam from the glass enclosing the
double slits was adjusted with the incident beam so as to be
coll inear
.
In order to maintain equal illumination on both
slits the diffusive material must be aligned normal to the
incident laser beam. If the diffusive medium is not
perpendicular to the beam, the maximum intensity of the
diffused beam will be displaced from the center of the
73
double slits due to refraction. Again, retro- reflect ion was
used .
2 . Effect of Finite Slit Width of the Photom ul t ipl ier
Aperture
The photomul t ipl ier integrates the incoming signal
over the width of the slit. Ideally, for an infinitely
narrow aperture slit, the fringe minima for a coherent
source will touch the zero baseline. However, a finite slit
width effectively integrates unwanted sections on either
side of the minima of the incoming signal. Therefore, a
"true" minima cannot be attained in the interference
pattern. Figures 36 through 38 show the interference
patterns without a diffusive medium for a pinhole aperture,
a narrow slit aperture (.24 mm) , and a wide slit aperture
(1 mm) , respectively. The width of the narrow slit
approximately equals the diameter of the pinhole, therefore
the coherence calculations are similar for the pinhole and
narrow slit. The maximum coherence value measurable with
the narrow aperture is Iy-, 2 ( t )I
=
. 94--the effect of the
aperture slit width is less than or equal to 6%. The
maximum attainable coherence value for the wide slit
aperture is |r (x)| = .73— this results in a false
coherence degradation of as much as 27%! Therefore, the
aperture size is an important consideration and the























































































































The effect various slit widths have on coherence
measurements can be determined analytically. Integrating
the incoming signal of the form, f(x) = sin x, over an
aperture slit width of B-A gives,
F(B-A) rJ A f(x)dx = - (cos 3 - cos A] 17)
Normalizing and using a half-angle trigonometric identity,
F(B-A)
B-A
2 sin j(B+A) sin j(3-A)
(18)





Equation 19 is the modulation transfer function for a slit of
width B-A. The periodicity of the interference fringes is
2.51 mm/cycle. Therefore, the .24 mm slit corresponds to
.096 cycles or .6 radians. Substituting 3-A = .6 radians
into eqn. 19 gives F(B-A)/(B-A) = .985. Therefore, 1.5% of
the original 6% coherence degradation is due to finite slit
width and the remaining 4.5% is due to other factors.
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Similarly, for the 1 mm slit, F(B-A)/(B-A) = .758.
Therefore, of the original 27% coherence degradation, 24% is
due to the finite slit width and 3% is due to factors such as
scattered light.
Figure 39 shows a plot of the coherence for opal
glass for fringe visibility calculations computed using the
flat baselines compared to the coherence calculations
computed using baselines corrected for slit width and
scattered light. Figure 40 shows an interference pattern
with the corrected baseline indicated with a dotted line.
Figure 39 shows that the degree of coherence is not affected
significantly by the effect of the narrow slit aperture and
scattered light.
3 . Scattered Light
In addition to the finite slit width, scattered
light produces additional errors in the coherence
measurements. Scattered light collected by the photo-
multiplier as well as internal reflections in the far field
lens and the interference filter are error sources. In
order to estimate the magnitude of the errors, the degree of
coherence was measured before and after utilizing the lens
and filter in the experiment. The lens-filter combination
reduced the coherence from |y 12 ( t )I = • 97 to | y ( x ) j = .94;
therefore, it appears that the lens and filter account for

































































































The double slit, itself, introduces stray light into
the experiment. If the slit material is not 100% opaque to
the incident laser beam, a small portion of the beam will
pass directly through the region between the slits. The
glass casing for the double slit also introduces multiple
internal reflections that contribute to the scattered light.
The lenses used to expand the beam in experiment #3
resulted in an additional 2% reduction of coherence. The
maximum degree of coherence attainable with the 2.9 mm beam
was | Y-. 2 ( T ) I = -92.
Extraneous light sources, such as equipment pilot
lights and the laser glow discharge, were a major source of
error. These sources were shielded from the photo-
multiplier with the use of tape and cloth. The cloth
enclosure proved to be an effective method for preventing
the scattered light from reaching the detector.
4 . Fringe Visibility Measurements
A slight phase difference can be detected if the
fringes in the interference pattern do not have the same
height on both sides of the central maximum. Perfect
symmetry was an ideal and rare occurrence. The assymetry of
the pattern introduces errors in measuring the maximum and
minimum intensities for calculating the fringe visibility,
and hence, the coherence. The central fringe maximum does
not always coincide with the diffraction maximum.
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Therefore, the value of the diffraction maximum was
determined and equated to I in order to maintain^ max
consistency in the measurements. The value for I was1 mm
found by averaging the minimum values on both sides of the
central fringe. A graph overlay (10 x 10 squares per half
inch) provided the means to measure the maximum and minimum
intensities. The readings were made to the nearest .025
inch (one half square) with an accuracy of +0.01 inches.
This corresponds to a 1.4 percent error in the coherence
calculations due to intensity measurements.
5 . Double Slit Measurements
Using a traveling microscope and averaging a series
of measurements, the slit separation, a, was .209
_+ .002 mm
and the slit width, b, was .06 +_ .00 2 mm.
The parameters a and b can also be determined
analytically from the interference pattern. The spacing of
the fringes is,
AY AS (20)
where \ = 488 nm, S = 1.033 m, and ay = 2.51 mm. Therefore,
the calculated slit separation is .201 mm, in good agreement
with the .209 mm measured value. The location of the first




where for small angles, sin 6 = tan 9 = d/S, and d equals
the distance from the principal maximum to the first
diffraction zero. Using d = 11.5 mm, the calculated slit
width, b, equals .044 mm compared to the measured .06 mm.
Comparing the calculations obtained from the
geometry of the interference pattern with the measured
values results in an error of 3.8% for a, and 26.6% for b.
The large error in calculating the slit width is attributed
to the Gaussian intensity of the beam illuminating the
double slit. The intensity is not uniform across the slit
width. By increasing the beam diameter the Gaussian
intensity pattern begins to approach the shape of the "too
hat" function over the width of the slit. Figure 41
compares the single slit diffraction patterns for the 1.5 mm
beam and the 3.6 mm beam. For a 3.6 mm beam, the
diffraction minima moves closer to the central maximum. The
"new" slit width is .052 mm, reducing the error to 13.3%.
Therefore, the beam diameter must be large compared to the
slit width in order to achieve agreement between the
experimental single slit diffraction pattern and the



































From the results of this experiment it can be concluded
that the spatial coherence of a laser source can be degraded
by as much as 99.5% by placing an opal diffuser at a
specific position (17 cm) between the laser and tne double
slit. Increasing the beam diameter incident on a diffuser
eliminates the sharp minimum in the coherence vs. distance
curve and reduces the spatial coherence over a broad range
of laser to diffuser distances. For a beam expanded to
3.6 mm, the average coherence degradation was 94.7% over a
"region of incoherence" extending over a 10 cm interval.
Future research is necessary to determine the effect
different experimental geometries have on the degree of
spatial coherence and to justify the behavior of the
incoherence location analytically. In particular, the van
Ci tter t-Zerni ke theorem should be applied to the calculation
of the degree of spatial coherence. Suggested modifications
of the experiment involve changing the distance between the
laser and double slit, utilizing various sizes and widths
for diffusers, and expanding the laser beam to larger
diameters. Future investigations should include use of a
digital frequency analyzer to sample and process data on a
near real time basis.
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APPENDIX A
PROOF THAT F.V. =
| Y]L2 (t)|
To show that the fringe visibility at point P of Figure
1 is equal to the degree of coherence of the electric field
between points S-, and S 2 , the superposition of the analytic











where t, = — and t« = — . According to Beran and Parrent
1 c 2 c 3
[Ref. 7] the K, and K~ factors are independent of time,
inversely proportional to L-, and L~, and dependent on the
size of the slits and the angle to P. The intensity P, from
eqn. 1, is given by,
I = <VV > = I 1 (t+x) + I 2 (t) + 2K 1 K 2 Re t <v ( s 1 ^ t+T ) v (S 2 ,t)>]
(A2)
where t = t" - t~ and t = t 2 - t, . I , and l 2 ace the
intensities at point P due to the emission from point S-, and
point S 9 alone. The term inside the brackets is the mutual
coherence function as defined in eqn. 5. Therefore,
eqn . A2 becomes
,
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I = I-, + I, + 2K
X
K 9 Re [r 12 (i) (A3)
When S-, and S ? are made to coincide, the normalized mutual








r O9 (0) = <V 9 (t) V 9 (t)>22 2 v w v 2 (A4)
Using equation 6 and noting that,
K 1 K *[r 11 (0) r oo (0)] 1/2 = [\k,\ 2 r in (0)|K o | 2 r oo (0)] 1/2 ,•1*2 L1 1^' x 22
eqn . A3 becomes
,
l i ' ^'i^i 22
A5)
I = l 1 + I 2 + 2[I 1 I 2 ]
1/2 Re[y 12 (T)] . (A6
If Zernike's "best circumstances" are used from Chapter
III.D (I, = I 5 = I and the path differences are small) , and
if the complex degree of coherence is written in the form,
Y 12 ( T )
=
'
Y i2 (T) l exp[ i<|> 12 (t) ] (A7)
eqn. A6 can be written as,
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I = 21 [1 +
I
Y 12 (t) | cos $ 12 (t)] (A8)
From eqn. 10, the fringe visibility becomes,
F.V. =
21 [(1 + | Y 12 (x) I ) - (1 - I Y 12 (t) I )]
2I[(1 + |yi2 (t) D + d^1 |.T 12 ^)|)] (A9)
There fore
,
F.V. = | y12 (t) I . (A10)
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